Machine analysis and reporting has been widely applied to the numerical results of clinical biochemistry and haematology. Few have applied computers to routine bacteriology, although they have been of great value in taxonomy. This is unfortunate but stems, perhaps, from failure to appreciate that although reports may contain several different sorts of information, all of them may be given numerical values. This conversion, however, requires the bacteriologist to conform to a standard methodology to which some might object.
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Another reason for this delay is probably that most of the available computer languages and compilers tend to be too inflexible for easy adaptation to the diversity of information which clinical bacteriologists may want to analyse. The present investigations were therefore undertaken to discover the suitability of a compiler, designed for survey analysis, for obtaining statistical and epidemiological information from the reports of a hospital bacteriology laboratory. Bacteriology is inseparable from epidemiology with its implied ability to make predictions derived from past experience. At its simplest a knowledge of the prevalence and drug sensitivity of specific pathogenic bacteria should increase the precision of clinical diagnosis and treatment. Within the laboratory, this information could also be used as a form of quality control by drawing attention to changes in reporting practice.
PROCEDURE
These experiments were conducted in the Manchester Royal Infirmary where a conventional reporting system is used. After issuing the report copy, the file cards were sorted into a small number of major categories to produce at least three visual alignment checks of punching error in each batch.
The method of coding has already been described (Report, 1968) . This was deliberately compressed by using multiple punching, so that virtually all types of information could appear on a single punch card. This had certain advantages, including limitation of storage space, the need to teach operators only a single code, and allowing fixed-field files to be formed easily on magnetic tapes. Although this code may appear difficult, it was easily mastered by about 15 clerical assistants between July 1964 and December 1968, each taking four to eight weeks to achieve competence. A weekly output of about 600 reports took about 12 hours to sort, punch, and verify.
Cards were punched on a simple hand punch with manual verification. In certain experiments the rate of error was investigated by comparing the output of two or more operators and by using range checks on the card sorter and computer. These indicated that about which might affect the clinical interpretation of the report. This was less than that introduced by the technician writing the report itself. In addition, technicians' errors were likely to be 'logical' and hence less easily detected.
Computer processing was on the University of Manchester Atlas computer situated about 3 mile (1 km) from the laboratory. For this, and other reasons, a batch input of about 2,000 cards was convenient. The following facilities were used: card input of raw data, program input on paper tape, magnetic tape storage, and line printout of tables.
Direct computation with a tabulated output from 2,000 cards was performed on a few occasions without the use of tape storage. The amount of computing time required for this, in competition with other users, however, made this procedure slow and unreliable. Much greater economy and speed was achieved by breaking down the processes into smaller units. Cards were read in off line to one magnetic tape and then transferred by a standard program to a second tape (Table I) Adelstein, Collard, Downham, McKay, Rutovitz, Stein, and Susser (1965) . This compiler, an Atlas Autocode, was designed to give exceptional freedom of coding for input information on cards or paper tape. The freedom permitted on cards has been described (Report, 1968) ; this allowed great economy in space required to encode a given amount of information. For analysis, any of this information can be categorized as required with complete freedom to suit the needs of particular investigations. These may be for either specific or class retrieval, and the product of these searches can be printed out directly or stored on magnetic tape for future reference or modification. A program to consult the files for a simple tabulation requires only the addition of eight to 17 instructions to the general program. These would be of the following kind: variate specification instructions, table specification instructions, data source instructions, control, setting, and/or operating instructions, and storing and/or printing instructions. Requests like this to answer particular questions can usually be met quite easily.
The only significant addition required to the compiler was a set of special routines to assist in economy in storing the results of drug sensitivity tests.
Although this work has been primarily orientated to survey analyses, similar procedures and input can easily be used for the production of individual reports. These consist simply of the tabulated contents of single reports instead of cross-tabulation of many.
The main difficulties encountered were concerned with the bulk of information. After only four years we have enough cards to fill nearly 10 magnetic tapes, with the prospect of an almost endless accretion of new records. Disc storage may help in searching files of this size, but whatever their importance to the individual patient, about 90% of these records lose their individual importance in the laboratory within a few months. The problem is to define which 10 % should be retained. We are,therefore, actively concerned with methods for creating cross-indexed subfiles for long-term retention.
FINDINGS
Initial investigations showed that three tables (Table II) gave useful information about the source and type of specimens sent to the laboratory, the proportion of them giving positive cultures, and the types of bacteria isolated. It was very quickly apparent that these values were remarkably constant (Tables III, IV , and V), and that deviations were usually of interest. We, therefore, prefer a system which files the full monthly statistics on magnetic tape and prints only those which differ from prescribed ranges.
Computer analysis can bring to light errors which 4* 'phage type' and 'primary isolation', which are not at present included in our computer survey, does not lessen the assistance to be gained from it in categorizing the other variables in the table. In general we have found it most profitable to proceed towards computerization of information by preliminary manual simulation and pilot trials in order to define our needs more precisely. Perhaps the most important fact which we have re-discovered during these investigations is that when the normals have been defined, only the changes are interesting.
SUMMARY
Bacteriological reports from a hospital laboratory have been encoded on punch-cards and analysed on an Atlas computer using magnetic tape storage. Examples show some of the surveys made possible by the technique. Apart from the simpler epidemiological information which can be obtained, data processing may give valuable guidance on quality control in clinical bacteriology.
